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ROOTING PATTERM

Taralonm S.

ABSTRACT

IN THE PINYOti-JUNIFL9~OODLAND*

?Oxd

- extansivc bibliographical ntudy docu-
menting rooting patterns of nativa and
introduced plantm of the Wstern United
Statmm rmaultod in a computerized data
bass of over 1000 diffarant rooting
dapth citations. Frou that data bana,
avoraga rooting depths and fraqumncha
warm daterminod am ralatod to ●paciam,
habit, ●oil typa, geographic region,
root type, family, root dapth co shoot
Might ratios, and root dapth to root
lat.ral ratiom. Annual grassam *arc
found to root within 1 m of tha ●oil
●urfacm. Madian rooting depth of othor
llfm fozm wam 2.0 m with a maximum
rooting dapth of 61 m. Tha varioum lifm
formm had tha following madian and maxi-
mumrooting depths: annual $orbm
(mcdlan of 0.6 m, maximum of 3.0 m), bi-
●nnial farms (0.8 m, 1.5 m), parcnnial
grazaos (1.1 m, 8.2 m), parcnnial forbs
(1.1 m, 39.0 m), subshrubs and vinas
(1.2 m, 6.4 m), Sl?mbm (2 m, 17.0 m),
and tracs (1.6 m, 61 m). In addition to
tha bibliographic study, 21 ●paci-s com-
mon to tha pinyon-junipar woodland vara
*xcavatad from ●ohm dorlved from vol-
canic tuff in Northorn Now Maxico.
Rooting pattmrnm and gross morphology
vma ●xaminad. Parannial forbs and
grassss occurrmd within tha firmt 30 cm
of tha soil ●urfaco. Rsots of thm ovar-
stozy trees wara tracd to flapthnof 6 m
and roots of ●hruba to dapthm of 1.8 to
2.6 m.

INTRODUCTION

At Los Alamos Nation&l Laboratory, our
primary lntarcot in rooting daptlm of
plants ●t@ms from regulations ragardlng
low-lmml nuclear wamto dis omal

T(NUCl~ar Rq’ulatory Commlas on 19821 En-
vlronmontal Protection Agency 1983).

●Pap@r tm ba prasontad ●t tho Plnyon-Ju-
nlpar SympDalum, Rano, Nmvada, Janua~
12-18, 1986.

Atithr- plant ●pologists,9 1 Staff Uem-
bor, Collaborator, Loe Alamo- National
MBora:ory, Dlvialon of Haalth, Safety,
●nd Environment, Group MSE-8, Los
Al&rnOL, Naw hxico 87544.

and Gail D. Tiarney2

The current method for dieposing of low-
lavel radioactive wasta ia ●hallow land
burial. Burial trmnchom range in depth
from 5-6 meters. Thoso tranchss ara
usually filled within 1 m of the ●urfaco
with wamzm, backfilled, and capped with
up to 70-90 cm of soil and 10-30 cm of
topsoil.

Nuclaar Regulatory Commiamion (1982) and
Environmental Protection Agency (1983)
●tandardm for design and rmmedial action
of diapomal ●itea and/or mill tailingm
raquiro d-signs to prevent intrusion or
disruption for 100 years or more. sub-
stantial ●arth covmr could be penetrated
by roots of native and introduced
plante. In fact, inveatigatlonm into
th% control ●nd Imolation of buried
wamtae ●nd mill tailingm hava ●hewn that
deep-rooted planta may pravidm ● pathway
for tha releaao of nuried toxic materi-
al- into the biosphore (Dahlman ●t al.
1976, Whicker 1976, Drcassn and Manic
1980, Hakonson ●t al. 1981, Romney and
DaVim 1972, Sharitz ●t al. 1975). Stud-
ies at Los Alamos National Laboratory
hava b-en conducted to detsrmine how ●n-
qineoring of th8 trench cap and place-
mmt of biobarriers can prevent intru-
sion (Hakonson St al. 1$82).

In addition to tha problc.aof intrunion
and possible transport of tiazardoumma-
terialm to tha 8urfaca, plant roots ●ra
~mpOrtant to prcv-ntion lJf tla~pa~~ or
percolation balow tho tranch cover.
Plants, through transpiration, have an
●ffect on the Wa?or balance with.n tha
rootlnq zon-. If ●vapotranapi.?ationim
maximized, seapagc into the water table
can be preventad ●laminating a major
s~urca of tranmport of hazardoum materi-
aln into tha ●comyatern. Prssantiy at
Los Alamom, ●tudlem are baing conductmd
to determin~ the biological and ●,Wiron-
mrnzal factorm influencing thmso ratsn
(ktodgers●t ●l. 1984). To detamine
long-tarm changam, models ●uch ●m BIO-
TW ●nd CREAMS (Gallqom ●t ●l. 1983,
Knisel 1980) ●re being u-ad to predict
plant-soil lnteractionm and water-bal-
●rice. Studiem on rooting dapthe and
rooting patterns are important to modal-
ing contaminant tranmport through tlmo.



To flotorminmtlm best trench cap design
through modal simt.latienand baalc rs-
●sarch, two conmiderationm are impor-
tant: the prevention of intrusion of
roots through the trench cap and the rna-
nipulatisn of tlm water balance within
ths overburden to prevent ceapaga and
percolation. With these two Criteria in
mind, ●tudimm wara dono to daterminm tha
maximum rooting dmpth and the rooring
●cology of plants kItownto lnvaCa low-
lsvel wamtm mitaa at Lou Alamom National
Laboratory. The intention was to dm-
ve:cipand verify modal ●imulationa for
varioua climatic ragimas and nativm
plant combinations for reclamation
within thm pinyon-junipmr woodland whera
most OZ tha waste ●itaa are ●ituatad at
Los Alamoa.

In tho rooting dapth study. wa ware most
intarestd in the ~ - for plan:s
to dimrupt a trench cap, how deeply dif-
ferant apacias root, and the likelihood
of plants penetrating depths greater
than A m where thay would come into con-
taCt with Wa8tt material. Th18 study
waa not meant to bm physiological but
inmtmad dascriptiva and, when possible,
ouancitative. Tho field study, by na-
cammity, wam demcrlptive bacause excava-
tion of rootm im time consuming and la-
borloum, naking ramoval of ●nough plant-
for statistical analymia difficult.

LOS Alamos National Laboratory in lo-
cated on a plataau forming a table-like
●xtanalon at the bame of ths Jemaz tloun-
talns in northcentral New X4exico. The
Jamez Hountalna arc volcanlc in or~gln,
with ●oilm darived from basalt and tuff.
Climate im semiarid continental with
cold winters and moderately warm sum-
mers. Elevational gradient for the
●tudy area ranges from 1642 m at tho Rio
Grande co 3344 B m the top of thm high-
●st peak in the Jmmmz ranga. 6iX dif-
farant plant communities hava bean ldan-
tified an~ r~portcd (Foxx and Tiornay
1980, 19a4c, 1985). The8a include ju-
nipar grassland, plnyon-junlpar wood-
land, pondarosa pine, mixed conifer,
●pmacc-fir forasts, and Jubalpino maad-
Ovs . Tha plnyon-juniper woodland fall,
into two minor ●levation unitm--ong from
approximntaly 1642 m to 1915 m on tho
upper ●dgo of tha kajarlto Plateau ●a-
carpmmnt, and tha othor from 1915 m up
to the ●eotona with th~ pondaroma pine
forest, which varias with ●posure and
810p0 frOm 2128 m to 2219 m. Barnem
(1983) defined thrse habitat typos
within th~ woodlands: (1) ~
-~~
habitat type (one-seed junipar/mLde-oatm
9rama)J ~.ZMI142LUMR

‘abitat
typa (pinyon, or.a-seed juniper,b:uo

w-), and ~~
K!a.s~E4QD$Mu
habitat t~O (pinyon, ona-saad ju-
niperimountain mulhy).

HET’WDS

In 1981-1982, an ●xtensive bibliographic
study waa undertaken to referenca root-
ing dapthm of native and crop plants
that occur within th@ United Statea.
Momt rmfarencem warm limited to studies
dons within ●tatea west of Zho Mimmim-
mippi. Premently, tha data base result-
ing from thim llteratura saarch contains
over 1000 different rooting citations
(Foxx and Tiarney 1984a,D).

Each paper rcferencac!in chm data bamm
was ●xamlned for r~~ting dspth informa-
tion from field ●t.tidiem.Also included
warm obsarvatlon%, water-table depth in-
formation, and some tracar ●tudlea. r.r-
tiflcial plantlnga and lyalmater studisa
ware ●xcludd bacauaa of uncertainties
in the comparability of the experimental
erd fimld 4ata. Data baee fields warm
Cefined em: family, ●pecies, common
name, root dapth, root lataral ●xcari-
●ion, root typa, shcot height, lifm
form, ●ubmtrate, and geographic location
and reforance (F.JXX and Tierney 1984b).

once tha computerized data base wam cre-
fited,it wam searched for parameter
●uch am rooting dapth am ralatmd to life
form, ●bstra:,, geographic location,
and ●pecific spaciee. Cumulative pcr-
cantage rooting frquenciae wera calcu-
lated when thsre wara ●ight or more ci-
tationm.

The field study isfolved ●xcavation of
Spaclem known to grow and invada low-
level waste disposal ●itos at L08 Alamoe
‘Tlsrnmy and Foxx 1982). ~anty-one
spacies wore ●xcavated (3 trees, 9
●htim, 5 perannial forbm, 1 biennial
forb, 2 annual forbe, 1 parannial grase)
(Tiarney and ?OXX, In prase 1985). A
backhoe was us-d to dig a trmch about
1.5 m wide ●nd 3 m long in several loc6-
tlone. Excavatlona wero seldom mora
than 3 m deep becauna of poemibllity of
cavo-inm in tha alluvial soils. Ths ro-
maindar of thm ●xcavation of plant roo:s
wae doaa with hand toolc. Care wae
taken to ●xcavata tha stoutamt roote to
the longest ●xtont pomsiblo. Somatimee
tha ●ntire length of tho root was ●xca-
vatad intact but mora oftsa the root wae
brokan at th, bottom of tha trench. For
that reamon formulae were dcvalopad to
predict possiblo lcngthe (Tierney end
FOXX 1982).

Aftm tha largeet roots had b@an uncov-
●rad or dollneated, tha antira plant wae
photographed, ●nd tha rough dimanmlonm



of Itm root ●ymtom msasurod to #o naar-
●st 5 cm.

DATA ANALYSIS

For tnia presentation, rooting depths of
plants as related to lifo form (troo,
shrub, forb, grass) were ●xamined from
the data baae, disregarding the influ-
●nce of ●ubmtratm, geographic location,
or root type. These othmr analyses can
be found in Foxx and Tlernay 1984a and
b. Information wam collatad for tha
plants that ara known to occur in the
pinyon-juniper woodlands of Nortlmrn New
?lexico. Finally, thin ir.formationwas
compared to field ●xcavation data.

Depths as Related to Life Form

General observations by researchers,
such as Weaver (1915, 1919, 1926,
1958), Heinz-r (1927), Cannon (1911) and
Cannon (1960) indicate that roots of
herbacaoua perennials, troas, and shrubs
can penetrata to graat depths if water
Is available. They have also observod
that annuals root to the limit of the
depth of seamonal rain pane’ration.

The computerized data bame contair~d in-
formation for 40 ●vergrean trees, 107
deciduous treea, 87 shrubs, 370 paren-
nial forbs, 36 subshzmbs, 305 perannial
gzasses, 8 annual graases, 9 biennial
forbs, 81 annual forbs, and 4 vinas.
Averagb rooting depths and rangem of
rooting depths for ●ach of tho life
form are found in Table 1. The average
rooting depths for all plants recordad
in the data bama was 190 cm with a range
of 2 to 6096 cm.

In addition cumulative percent frequency
for th 1012 plants was calculated
(Figure 1). Seventy-five percent of all
plants rootod within 183 cm and 40t

within the first mete?. Tha median
rooting depthm ara 122 cm. Only 6* of
all specimens studied rooted deeper than
457 cm.

The cumulative rooting d-pth freguenciem
of the nine life forme for the five se-
lected depths of 91. 183, 274, 366, and
456 cm (Table 2). She shallowest root-
ing life form wam an annual grasm. Al1
other life formm rooted deeper tha~ 91

On a percent baais, snrubs root the
~;peat, followed by declduoum a~d ●ver-
green trets.

Rooting Depth of Plan%s of the Pir,yon-
Juniper Woodland

The data base waa then searched for in-
formation on individual plant mpeciea
known to inhabit tha pinyon-jslniper
woodlands of New Mexico (Foxx and Tier-
ney 1985, Barnes 1983, Martin and
Hutchins 1981) (Tabla 3). Agair,,geo-
graphic regions, root types, and sub-
strate were ignored in the nearch param-
●ters. Cumulative frequency (%) of
rooting depthm of 10 forbe end 9 gras8
species was calculated (Tables 4, 5).
Three forb speciaa have roots at dmpthm
$raater than 457 cm, gayfeather, golden-
wesd, and e?falfa. Alfalfa has been re-
ported te depths of 39 m in th- roof of
a mine Cunnel in Nevada (Hain?er 1927)
Other researchers (citeclin Ueinzer
1927) have reported reots of older
plants to dept.’m of over 19 m. In deep
prairie soils, alfalfa kae bmen reported
to root daeper than 6 m (Weaver 1926).

Three of the 12 grasses found in wood-
landa and recorded xn tho data base had
rooting depths of graatar than 457 cm.
They included blue grana, dropsead, and
side-oats qrama. Alkali sacaton
(SMX&QUR ~) has bean reported

Table 1.--Average root depth for ton life forms

Average sigma Range
~R.8M2hM ~. JsJnL cm

Evergre9n trea8 336 954 10-6096
Deciduous tress 1% 322 451 73-3000
“All” traes 147 334 611 lb-6096
Shrub 87 350 350 15-1737
“All plants 1012 190 330 2-6096
Perannlal forbs 370 170 250 2-3932
“All” porenniale 675 160 200 2-3932
Subshrubs 36 140 100 91- 640
Perennial gremmem 305 140 90 5- 823
Annual grasses u 52 4L

(native)
5- 110

Biennial forbs 107 53- 152
Annual forbs 8: % 4- 300
Virles 4 1:: 78 :02- 280

—
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Figur@ l.--Cumulativa porcmtags frquancy of rooting depth
for 1012 vascular plant*.

Table 2.--cumulative rooting d~pth frquoncics (t) for nina
lifo forms at saloctad dapthe

Annual grass~a 75
Biennial forbm 65
Annual forbm 65
Pcronnial forbs 42
Subahruba 41
Paronnial grasses 40
Evorgr@on tress 33
Daciduoum tracs 7
Shrubs iO

--
100
88
71
8!3
79
80
52
47

--
--
97
85
96
94
86
70
60

-.
100
93
96
99
86
78
72

.-
--
--
97
96
99
86
ao
77

to root to depths of 823 cm ba8ed on wa- (3 al). Wa did, howsva~, ●upplsmont tha
tor tabl~ data (M@inZar 1927). Tomanak ●xcavation information with obsmvations
and Albartmon (1957) cxcavatod roots of of rooting dcptha, in large tranchas
blua qrama and sida-oats gram- to depths (ovor 6 m datp) being proparad for
of 400 cm. ThrQa-awn and downy chc$s burial of wamta. Pondaruma pim roots
wmc thm daapemt r“oting annual qraas war. obaom?ed in road cuts, along ar-
spccicm. royom, and troa fall araaa as w*11 an

data f-am ●xcavation.

Fim:.d Studiaa

The information from tha &ata baso was
comparad to field ●tudioa (Tiornay and
Fuxx, In pram). Tabl@ 6 shows ● com-
parison of the rooting dopthm of 21
spocios sxcavatad ●t Los Alamoa with the
litmaturo valuas.

l!mu~ --B8aau80 of tho natura of the
study, only small trcoa waro ●xoavatcd

In ●lluvial SOIIC, roots of phyons 1,7,0
cm diazmter braak height (DEW) wora
tracad 130 om in dapth, Pondaroma pins
10 cm DBH, on th~ ether hand, wsnt to
160 cm. Fhld obaervat~onm ●howcd pon-
doroaa pins roots of ●ven vary largo
traca to ba riu!arilyin tha upper 3 m
of ●ollo !Th ● apociaa, howavcr, has
bom raportad to root to da the of 2S m
(Cannon 1960). T?lantm grow ng in ●hal-
low ●oiln had w-11 dcvslo ●d lataral
roots that follow crackm !n tuff. At
Las Alamos in axcavatod tranohsa, rootm



Takle 3.--Rooting depths of planta of the pinon-juniper woodland (shallowest
deepest)

redtop
●londcr whaatgrase
Junegraae
downy theme
fencue
carax
Indian ricegrasm
bluegrasa
mountain muhly
mand dropaead
hairy grama
three-awn
needle-at.+thread
bluegrema
westsrn wheatgrasm
little bluestem
crested wheat
big blueatem
bromegramm
●ide-oatm grama

wilt onion
In~.lanpaintbrush
~aseytoea
blazlng star
yarrow
RuseLan thistle
●andwort
pummytoem
vetch
plgweed
pique
horse-nettle
groundeel
●atafhta, wormwood
blnnketflower
clnquefoil
coneflower
yucca
gumweed
lamb’s quarters
coyote melon
beardmtongue
nweetclover
aeter
buckwheat
prairie clever
geranium
lupine
false torr~gon
summer cypress
●vening primrose
puccoon
globe mallow
gaura
qoldanrod
qoldenamter
goldenweed
gayfaather

tro.
In
Data

1
1
17
2
19
14
2
9
7
4

:
10
29
17
10
7

li
3
6

1
2
--
3
!5
1
3
3
2
3
1
7
6
15
2
3
3
7
5
1
1
7
3
5
9
4
2
4
1

i
6
m
“L
9
5
6
6

Avg.

--
--
58
?0
78
89
84
88
91
15

103
108
115
119
14s
165
-.
196
198
222

--
28
79
58
63
--
77
40
80
9
--
93
94
104
103
110
112
112
115
---
-.
129
130
154
165
166
180
182
.-
--

209
220
262
252
255
275
287
308

Range

15
25
30-76
30-110
5-152
35-183
45-122
35-213
‘O-135
;1-:22
45-137
7(”-152
63-168
38-396
68-314
71-274
183
18-135
169-229
76-336

15
25-30
36-152
11-152
14-183
67
38-117
36-48
20-140
10-240
90
15-1.52
20-154
46-244
76-130
10-240
46-183
30-213
43-185
119
122
36-305
85-152
15-33!5
64-305
85-213
86-274
168-240
213
200
53-305
183-305
80-396
76-427
107-335
130-396
107-518
120-479



Table 3 (cent)

sQeci*a

wild licoric.
alfalfa

anakeweed

Apache plume
mountain mahogany
Gambel’s oak
big sagebrush
chamisa (rabbitbrush)
wild rose
four-wing ealtbush

●lm
ponderosa pine
plnon pine
one-sead juniper

No.
In

Data

3
13

10

2
4
2
9

:
3

?
1
3

Avg.

395
690

122

115
113
238
248
293
391
392

127
447
---
2438

Range

360-420
38-3900

51-244

60-1411
40-152
80-396
110-914
li)o-457
91-640
110-762

127
10-2438
640
579-6096

Table 4.--Cumulative frequency (%) of rooting
depths of forbs

Yucca 57 71 iOO .- -- --
Cinquefoil 57 85 100 -- -- --
Kormvood 53 92 100 -- -- --
Buckwheat 22 66 88 100 -- --
Goldenrod 0 33 40 100 -- --
Seardecongue 57 86 86 100 -- --
Puccoon G 34 67 103 -- --
Alfalfa 11 41 57 57 57 100
Goldenveed o 50 67 84 84 100
Gayfeather o 17 50 65 62 100

Table 5.--Cwalative freqmncy (t) of rooting depths
of grasses

Junegraes
Bluegrass
Fescue
Three-awn
Needle-and-thread
Mountain muMy
Uheatqrass
Dropsoed
Side oats grama

130 -- -- -- --
72 100 -- -- --
64 10C -- -- --
50 100 -- -- --
40 100 -- -- --
15 58 100 -- --
19 77 95 100 --
37 75 75 85 lro
17 50 67 83 100



Table f.--Comparison of Rooting DapthIYof Speciem with Literature
values found by FOX%et al. (1984a,b)

Common Name and
sGM@L.ui.LNM!M

:,inyoppine
F!AllMSQ!AliS

ponderoma pine,
UXUMQQMU2SA

one-seed 3uniper,
zUUU!+MWnQXWXM

chanls~, ~
ti~eosw

s~~awbarry, w
&!KAU2MLM

Apache plume,
~A2U@Q2K

mountain mahogany,
~E@KMIUS

wax currant, -

New Mexico locust,
EQUSUMUWUSUM

Cak, ~ app.

four-ving ealtbusti,
i?iQWMX~

big sagebrush,
&SMllQQ~

snakeveadr ~

narrowleaf yucca,
XU.GSAP~

prickly pear, ~

lupine, LuIzWR~

pinwer ~

mullein, ~M

lamb’s quarters,
QlS12QR@W9 ~

●unflowerr ~

Blue grama,
MU.W.WA %KF.QLL&

Excavated

110,130,640

160,150

170,640

140,180,210

210,230

170,290,260

50

80,290

140,100

150,175,320

185,220

130,1ao

24,:4,32

20,20

8,10,28

200

23,25

28,42

30

45

53,50

re Values
Average Range
-

---

447

2438

147

---

---

113

---

---

238

314

248

122

113

77

182

---

---

---

---

119

_&iLL
---

10-2438

579-6096

LOO-457

---

---

4P-152

---

--.

89-396

80-762

110-914

51-244

40-152

2-366

168-240

90

---

---

69

38-396



of pinyon and junipar war. traced in
cracks in tha tuff to depths of 6.4 m.
Tho litmraturo values indicated most
treem t@ root to batWaan 91-123 cm from
tha surface. Dociduoum tram root some-
what deeper than ●vergreen=.

Shr!&E. --Four distinct rooting patterns
were observed in the nine shrubs exca-
vated. Apache plume and chamisa (Fig.
2a) had well developed taproote that de-
scended directly downward to depths of 2
or more meters. The oaka and New Mexico
locust had rather distinct taproots with
laterals fOrmin9 sprouts. (Fig. 2b).
Four-wing saltbush and sagebrush had nu-
merous small roots in the upper soil
eurface with larger lateral rcots d~-
scending from the CaUdeX (Fig. 2c).
Squabibush,mauntain mahogany, and ccr-
rant had large stem clump bases fzom
which rather stout lateral roote emerged
(Fig. 2d). In alluvial soils these de-
ecended downward to depths of 100-320
cm. In shallow soils underlain by tuff,
the roots penetrated to =he depth of the
bedrock, than grew at right anglee until
encountering a crack, and then descended
downward.

The data base contained information on
87 different shrub specimens with an av-
●rage rooting depth of 35o cm. The
medium rooting depth was 195 cm, but
o~er 20t of the specimens recorded
rOGtad to depths greater than 457 cm.
WOOdbJry (in Meinzer 1927) reported
roots of big sagebnsh co depths of over
9 m. We found sagebrush to root to ap-
proximately 2 m in alluvial coils and
most other fipecieeto less than 3 m.

LQ?M. --At Los Alamos five perennial
forbs ware ●xcavated and roots traced:
pinque, ●stafiata, snakewead, yucca,
and lupine. Although yucca Is rhizoma-
tous, it was includad in the studiem be-
cauam it oftas invades disturbed areae
in the pinyon-juniper wooaland. Whole
plante of pinque, estafiata, and snake-
weod were ●xcavated and were found to
root to depths of 25 cm. Lupina, how-
●ver, routed to depths of greater than 2
mm The root of the lupine was a dis-
tinct tap root that deecended rapidly,
whereae the roots of the other two
perannial ●peciee wero a ●ingle taproot
with x numhr of laterals. The yucca
wee found to root to 30 cm. Numerous
sprouts formed other plants from tha
rhizoma.

Perannlal forbs comprlead the largest
nunbar of ●ntries in the data base
(370). Averago rcoting depths Wcro 170
cm with a range from 2 to 3920 cm.
Again, the uraatest depths w~re reported
for plants with roote panatrating mire

tunne1s. The cmmon alfalfa (~
Eativa) is one of the deepeet roazing
perennial forbs. At Los Alamos, the
deepeot rooting perennial forb excavated
was lupine. Interestingly, rooting
depths of three families were compared
in the data base, legumes (~)
rooted the daepeet, then componi:es
(~~), and grasses (PJ?e) the
shallowest (Fox% and Tiamey 1984a).
Lagumas are oftan used for reclamation
or invada disturbed ground.

The higheet frequency of rootin~ depthe
fOr perennial forbs was 92 cm. Madian
rooting depth of 114 cm wae found. only
4* of all occurrences rooted deeper than
457 cm.

~. --At L-esAlamos we exca-
vated only one biennial speciee,
mullein. This waedy plant can grow to a
height of 7 feet. Our specimens were
approximately 3 fact tall and rooted to
depths of ~0 cm in alluvial soi:s. This
root depth was below the avarage and me-
dian rooting depthp for thg nine bien-
nial forbs in the computerized data
base. The average rooting depth for
those nine plants was 107 cm with a
range of 53 to 152 cm. The common swaet
clover wae the most daeply roored bian-
nial genus. The highest rooting fre-
quencies occur from 91 to 152 cm. Ha-
dian r~.otingdepth is 76 cm. No speci-
mens rotted daeper than 152 cm.

~.--~o annual forbs, lamb’s
quarters and sunflower, were excavated.
The roots cf these species vere traced
to depths of 45 and 30 cm, reepec-
tlvely. At 30 cm, the roots of the
laIEb’SCIUarterSturnad at a right angle
and may have gone much deaper. The av-
●raga rooting depth for tha 81 annual
forbs recorded in the computerized data
base wae 80 cm, with a median rooting
depth of 61 cm. .he highest rooting
frequency was 123 cm. There ware no an-
nual forbe that rooted deeper than 305
cm recorded in the data basa.

Q~.--The most coxmmn parennial
grass of =he pinyon-juniper woodland in
northern New Hexico is blue grama. It
was excavatad in allavial ●ons and
roots were measured to 58 cm. No annual
graesea wera ●xcavated.

On an average, the perennial graseas
recorded in the data baee were found to
root to a depth of 140 cm with a range
of 5 to 823 cm, wheraas the average
rooting depth of annuai grasses wan 52
cm.
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Figura 2.--Rooting pattorna of shrulm in tha
woodland.
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CONCLUSIONS AcKNoWUDGEHENTS

Examination of the computerized data
base of rooting dapth~ of mpeciee found
in varioua moilm in the ●tates veet of
the ?!issiemippiahowed that the annual
grasm roots were found entirely within 1
m of the e0i18 surface. Hedian rooting
depthe of other life forme were 2.o m,
with maximum rooting depths of 61 m.
Thm other life forms had the following
median and maximum rooting depthe: an-
nual forba (median of 0.6 m, maximum of
3.G m); biennial forbs (0.8 m, 1.5 m);
perennial grassee (1.1 m, 8.2 m):
perennial forbs (1.1 m, 39 m); subshrubs
an+ vines (1.2 m, 6.4 m): Krees (1.6 m,
1.5 m); shmbe (2 m, 17 m).

Field excavations ot 21 species found
within the pinyon-juniper woodland
ehowed that rootm of pinyon pine and
one-see~ juniper could extend to depths
of 6 m in fractures in tuff. Roote of
shrubs ware the most varied, some with
distinct deeply rooting taproots and
othere with more extensive root systems
to the surface. In all cases, even in
alluvial sails the rooting d+ptha of
epecies found in thesa volcanic coils
were somewhat shallower than those meane
found from the collated literature val-
uas.

This stu&y emphaaizas the importance of
the engineering of a trench cap on waete
elces tc accommodate the rooting pat-
terns of planted and successional
species. The data base suggests that
most planta root to levels balow 1 m and
90% of all the ●pacimens ●xamined root
to depths of 2 m. Because the preaenc
overburdens are generally only 1 m deep,
penetration of rootn into the waete zone
is ce~ain if blobarriera are not em-
ployed. In trench cap d~eign, tho data
base can be predictive ir suggesting
which plante may b. appropriate to
reclamation of cites where rooting
depthe are important. In addition, the
data baee can be useful in determining
the possible rooting patterne of succes-
sional speciee h various plant communl-
tles, including the plnyon-juniper wood-
lands found throughout the western
united states and ●liminate time in~en-
sive ●xcavations. The ecudy providad
some basic information needed for madel
development and sixnulation.

Information on the pn siology of roots
1at various depths ie mportant to an un-

der~.tandingof the influence of plants
to the water balance and contaminant
traneport of waete ●itas in any plant
community. Buch information was not
w~thln the ●copa of this ●tudy and needs
further lnvastiqation.

This work was eapported by the U.S. De-
partment of Energy, Office of Defense
Waste and Byproduct Management.
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